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1. Introduction
In previous meetings, following agreements were made for two TAs in M-DCI M-TRP [1][2]. 
	Agreement
For multi-DCI multi-TRP operation with two TAs, study the following alternatives:
· Alt 1:  two reference timings are considered
· Alt 2:  one reference timing is considered
Note: reference timing above is the timing of the DL reception 
Agreement
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)
Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell
Agreement
For multi-DCI based multi-TRP operation with two TAs, study the impact of two TAs for the following:
· RACH triggered by PDCCH order in intra-cell MTRP case 
· RACH triggered by PDCCH order in inter-cell MTRP case
· Which might require RACH enhancement as well 
· UE triggered RACH by CBRA or CFRA in RRC connected mode
Further details of enhancements needed (if any)
Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)
Agreement
For multi-DCI multi-TRP operation with two TAs, up to two n-TimingAdvanceOffset value per serving cell is supported


In this contribution, we discuss enhancements on two TAs for UL transmission for M-DCI M-TRP operation.
2. Discussion 
2.1 Reference timing of two TAs
For UL timing advance, UL frame number i for transmission from UE shall start before the start of the corresponding downlink frame at the UE. For M-DCI M-TRP with two TAs, whether one or two DL reference timing is used for two TRPs of a serving cell was discussed. According to TS 38.133, the reference of UL Tx timing is DL frame from a reference cell and the reference cell is determined per TAG. 
	The UE shall have capability to follow the frame timing change of the reference cell in connected state. The uplink frame transmission takes place before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. 


In the last meeting, it was agreed to support two TAGs for two TRPs of a serving cell, thus, it is straightforward that the two DL reference timings are used for two TRPs.
Proposal 2.1: 
·  Two reference timings are considered for two TRPs of a serving cell.

2.2 Enhancement related to two TAGs
Considering two TAGs can be configured for a serving cell, some issues related to TAG need to be further studied. In legacy procedure, a TAG containing SpCell is referred as PTAG, whereas other TAGs are referred as STAG. UE behavior is defined respectively for the case when timeAlignmentTimer of a PTAG or a STAG expires as below.
	3GPP TS 38.321 V17.1.0 (2022-06)
5.2	Maintenance of Uplink Time Alignment
1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.
2>	else if the timeAlignmentTimer is associated with an STAG, then for all Serving Cells belonging to this TAG:
3>	flush all HARQ buffers;
3>	notify RRC to release PUCCH, if configured;
3>	notify RRC to release SRS, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	maintain NTA (defined in TS 38.211 [8]) of this TAG.


If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be discussed. Furthermore, considering the case when timeAlignmentTimer of one of the TRPs of a serving cell expires and UE may still be synchronized with the other TRP, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be discussed. For these issues, since per TRP TA is supported for both intra-cell M-TRP and inter-cell M-TRP, both intra-cell M-TRP and inter-cell M-TRP need to be considered. For inter-cell M-TRP, since non-UE-dedicated signaling can only be received from serving cell TRP, whether a TRP is a serving cell TRP or a non-serving cell TRP needs to be considered. Considering that these UE behavior is defined in RAN2 spec., details of these issues can be discussed in RAN2.
Proposal 2.2: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied, for both intra-cell and inter-cell M-TRP scenarios. Details can be discussed in RAN2.

2.3 Enhancement related to RACH
In the last meeting, it was agreed to further study RACH related enhancement for two TAs in M-TRP. For TAC in MAC RAR, following options can be considered.
· Option1: TAC in MAC RAR is applied to both TRPs
· Option2: TAC in MAC RAR is applied to one TRP
To obtain TA of a TRP, RACH procedure to the TRP can be triggered. It is straightforward that the TAC in MAC RAR is applied to the TRP to which the RACH procedure is triggered. To indicate per TRP TA via MAC RAR, the association between TAC in MAC RAR and TRP needs to be studied and both UE triggered RACH and PDCCH ordered RACH need to be considered. 
For PDCCH ordered RACH, TAC in MAC RAR can be applied to the TRP associated with the PDCCH/PDSCH of the RAR or the TRP associated with the PDCCH order. The association between PDCCH/PDSCH of RAR or PDCCH order and TRP can be determined based on CORESETPoolIndex. 
For UE triggered RACH, TAC in MAC RAR can be applied to the TRP associated with PDCCH/PDSCH of the RAR. The association between PDCCH/PDSCH of RAR and TRP can be determined based on CORESETPoolIndex.
Proposal 2.3:
· For PDCCH ordered RACH, TAC in MAC RAR can be applied to the TRP associated with the PDCCH/PDSCH of the RAR or the TRP associated with the PDCCH order. The association between PDCCH/PDSCH of RAR or PDCCH order and TRP can be determined based on CORESETPoolIndex. 
· For UE triggered RACH, TAC in MAC RAR can be applied to the TRP associated with PDCCH/PDSCH of the RAR. The association between PDCCH/PDSCH of RAR and TRP can be determined based on CORESETPoolIndex.
In addition, to obtain TA in RACH procedure, more enhancements are needed for inter-cell M-TRP. To trigger RACH procedure to a non-serving cell TRP, RACH configuration of the non-serving cell needs to be provided to UE. If a PDCCH order is associated with the non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.
Proposal 2.4:
· For inter-cell M-TRP, RACH configuration of non-serving cell needs to be provided to UE. 
· If PDCCH order is associated with non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.

2.4 Association between TAG and UL channel/RS
With per TRP TA, following options on how to associate a PUSCH/PUCCH/SRS transmission with a TAG were discussed in the last meeting. 
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)
A drawback of option1 is that it is not applicable when TCI-state or spatial relation is not provided for a UL channel/RS. A drawback of option3 is that it is not applicable when default PL RS is used for UL channels/RSs. For now, per TRP default PL RS for PUSCH/PUCCH/SRS is not supported for M-DCI M-TRP. With option3 when default PL RS is used, UL channels/RSs to different TRPs will share same PL RS and same TAG. Thus, option1 or options3 is not preferred.
Option2 and option4 are similar. With option2, association between CORESETPoolIndex and UL channels/RSs needs to be determined. With option4, association between TAG and UL channels/RSs needs to be determined. For different UL channel/RS, the association can be determined differently. 
For dynamic grant PUSCH, the typical scenario is that a PUSCH and its scheduling DCI are associated with the same TRP. Thus, for DG PUSCH, TAG associated with the CORESETPoolIndex of its scheduling DCI can be applied.
For CG PUSCH, CORESETPoolIndex/TAG can be configured in CG configuration.
For periodic/semi-persistent SRS, CORESETPoolIndex/TAG can be configured per SRS resource. For aperiodic SRS, considering a DCI may trigger multiple SRS resource sets and the SRS resources in the multiple SRS resource sets may be transmitted to different TRPs, it is also beneficial that CORESETPoolIndex/TAG can be configured per SRS resource for AP SRS.
For periodic/semi-persistent PUCCH, CORESETPoolIndex/TAG can be configured per PUCCH resource. For DCI triggered PUCCH, considering joint ACK/NACK feedback mode in M-DCI M-TRP, a DCI may indicate a PUCCH resource to either of the TRPs for joint ACK/NACK feedback. Thus, for DCI triggered PUCCH, it is also beneficial that CORESETPoolIndex/TAG can be configured per PUCCH resource. 
Proposal 2.5:
· For association between TAG and UL channel/RS, support option2/4.
· For dynamic grant PUSCH, TAG associated with the CORESETPoolIndex of scheduling DCI can be applied. 
· For CG PUSCH, CORESETPoolIndex/TAG can be configured in CG configuration.
· For SRS, CORESETPoolIndex/TAG can be configured per SRS resource. 
· For PUCCH, CORESETPoolIndex/TAG can be configured per PUCCH resource.
3. Conclusion
In this contribution, we discussed enhancements on two TAs for UL for M-DCI M-TRP operation. Based on the discussion, we made following proposals.
Proposal 2.1: 
·  Two reference timings are considered for two TRPs of a serving cell.
Proposal 2.2: 
· If two TRPs of a serving cell are configured in two TAGs, for SpCell whether two TAGs are referred as PTAG or one of them is referred as STAG needs to be studied. Details can be discussed in RAN2.
· If two TRPs of a serving cell are configured in two TAGs, UE behavior when timeAlignmentTimer of one of the TRPs of a serving cell expires needs to be studied, for both intra-cell and inter-cell M-TRP scenarios. Details can be discussed in RAN2.
Proposal 2.3:
· For PDCCH ordered RACH, TAC in MAC RAR can be applied to the TRP associated with the PDCCH/PDSCH of the RAR or the TRP associated with the PDCCH order. The association between PDCCH/PDSCH of RAR or PDCCH order and TRP can be determined based on CORESETPoolIndex. 
· For UE triggered RACH, TAC in MAC RAR can be applied to the TRP associated with PDCCH/PDSCH of the RAR. The association between PDCCH/PDSCH of RAR and TRP can be determined based on CORESETPoolIndex.
Proposal 2.4:
· For inter-cell M-TRP, RACH configuration of non-serving cell needs to be provided to UE. 
· If PDCCH order is associated with non-serving cell TRP, UE applies the RACH configuration of the non-serving cell.
Proposal 2.5:
· For association between TAG and UL channel/RS, support option2/4.
· For dynamic grant PUSCH, TAG associated with the CORESETPoolIndex of scheduling DCI can be applied. 
· For CG PUSCH, CORESETPoolIndex/TAG can be configured in CG configuration.
· For SRS, CORESETPoolIndex/TAG can be configured per SRS resource. 
· For PUCCH, CORESETPoolIndex/TAG can be configured per PUCCH resource.
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